Introduction {#s1}
============

Both systolic and diastolic left ventricular functions are impaired following acute myocardial infarction (AMI). The extent of impairment in left ventricular function is one of the most important factors of morbidity and mortality \[[@R01]\]. In cases of myocardial infarction (MI) associated with left ventricular dysfunction, the right ventricular dysfunction is an independent predictor of mortality \[[@R02]\]. Approximately 50% of acute inferior MIs are accompanied by right ventricular myocardial infarction (RVMI) \[[@R03]\]. RVMI is associated with suppression of the right ventricular functions, resulting in right heart failure and decreased heart rate. Although elevated jugular venous pressure, clear lung fields and hypotension are specific to RVMI, their sensitivity is less than 25% \[[@R04]\]. ST segment elevation in the right precordial derivation V4 (V4R) indicates RVMI, but it has a disadvantage of being temporary \[[@R05]\]. The brain natriuretic peptide (BNP) is synthesized from the ventricular myocardium as a result of increased cardiac wall stress due to pressure overload or volume expansion. BNP can decrease right atrial pressure, systemic vascular resistance, stimulation of sympathetic nerves, aldosterone secretion and cell hypertrophy while increasing the excretion of sodium \[[@R06]\]. Elevated BNP levels were found to be poor outcome in heart failure, and in patients who had a first AMI and underwent primary percutaneous transluminal coronary angioplasty (PTCA), elevated BNP levels was found to be related with poor outcome \[[@R07]\]. In the present study, our objective was to evaluate the relationship of right ventricular dysfunction as determined by conventional and tissue Doppler echocardiography (TDI) with the serum BNP levels in inferior MI with and without right ventricular involvement.

Materials and Methods {#s2}
=====================

This prospective study was developed and adapted in accordance with the guidelines and ethical principles defined in the Declaration of Helsinki and all patients approved and consented to participate in the study. We enrolled 61 patients who had a first acute inferior MI with/without right ventricular involvement with a normal sinus rhythm and a heart rate ranging from 50 to 120 min. The exclusion criteria were: prior MI and/or revascularization, mild and severe valvular heart disease, pericardial disease, pulmonary hypertension, patients with rhythm other than normal sinus rhythm and chronic kidney disease. There were 34 patients with isolated acute inferior MI (24 males and 10 females), and 27 patients with right ventricular involvement (18 males and nine females). Sixteen patients were excluded because of atrial fibrillation, prior MI and severe mitral regurgitation. The diagnostic criteria of MI were as follows: A rise and/or fall of cardiac troponin levels at least one value above the 99 percentile and ischemic symptoms, ST/T changes, new left bundle branch block, new pathological Q waves, echocardiographic evidence of new regional wall motion abnormality or detection of intracoronary thrombus by angiography or autopsy \[[@R08]\]. An ST segment elevation on admission equal to or greater than 1 mm in RV4 was used as a diagnostic criterion for RVMI. ST elevation on admission was present in all patients. Twenty-seven patients (79.4%) were given thrombolytic agents in inferior MI. Seven patients (20.6%) underwent primary percutaneous coronary intervention. Twenty-one patients (77.8%) were given thrombolytic agents in inferior MI with right ventricular involvement and six patients (22.2%) underwent primary percutaneous coronary intervention. After admission of the patients who presented with acute inferior MI, blood samples were drawn into 5-mL EDTA tubes during the first 12 h. Serum BNP levels were detected by radioimmunoassay using a BNP RIA kit (Phoenix Pharmaceuticals, CA, USA) and a DPC Gambyt-CR Gamma Counter (DPC Diagnostic Products Corporation, Los Angeles, CA, USA). The cutoff BNP value was 100 pg/mL. Serum troponin I (TnI) levels were detected by fluorometry using a Siemens troponin kit (cTnI direct fluorometric, Siemens, New York, USA). The normal value was 0.00 - 0.06 ng/mL.

The patients underwent echocardiographic evaluation during the first 12 h after admission. After ECG monitorization, an echocardiographic evaluation was performed from parasternal long axis, parasternal short axis, apical four chamber, and subcostal views using an echocardiographic unit (GE Vingmed Ultrasound, Horten, Norway) and 2.5 - 3.5 MHz transducers in the left lateral decubitus position. The patients underwent M-mode, two-dimensional echocardiography, pulse wave (PW) and continuous wave (CW) Doppler and colored tissue Doppler echocardiographic evaluation. All Doppler measurements were recorded at the end of the expirium while patients were holding their breath. An average of three consecutive measurements were calculated. An echocardiographic evaluation was performed using the parasternal long axis, short axis, and apical four- and two-chamber images to analyze the left ventricular functions. Following the evaluation of aortic and left ventricular wall thickness, the left ventricular ejection fraction (LVEF) was calculated by the Teicholz method. Wall motion was evaluated from the parasternal short axis view. Biplane ejection fraction was determined from the apical four-chamber and two-chamber views using the Simpson method. Sample volume was placed on the ventricular surface of the mitral valve to evaluate diastolic functions. Right ventricle fractional area change (RVFAC), tricuspid annular plane systolic excursion (TAPSE), and right ventricular systolic wave (RSm) were used to evaluate right ventricular systolic functions, and right ventricle myocardial performance index (RVMPI), tissue Doppler imaging for global functions. We compared the groups with and without right ventricular involvement. After this assessment, we compared the groups according to BNP levels.

Statistical analysis {#s2a}
--------------------

Statistical analysis was performed using the STATISTICA AXA 7.1 Serial No. AXA 507C775506FAN3 (StatSoft Inc, Tulsa, USA) and MedCalc 12.3.0.0 statistical softwares (MedCalc Software bvba, Ostend, Belgium). After testing for normal distribution of measurable data by Shapiro-Wilk test, we used independent groups *t*-test for intergroup comparisons for those with a normal distribution, and Mann-Whitney U test for those without a normal distribution. Pearson correlations were used to analyze the relationship between variables. For qualitative data, we used Pearson's Chi-squared test, Fisher's exact test, Yates-corrected Chi-square test and two-sample Kolmogrov-Smirnov test. Descriptive statistics were expressed as median values and arithmetic mean ± standard deviation. For all statistical analyses, a P-value \< 0.05 was considered statistically significant.

Results {#s3}
=======

The study included a total of 61 patients. Of these patients, 27 (44%) had acute inferior MI with right ventricular involvement (mean age, 59.48 ± 11.46 years) and 34 (56%) had acute inferior MI (mean age, 61.06 ± 11.83 years), and 42 (69%) were males, and 19 (31%) were females. As shown in [Table 1](#T1){ref-type="table"}, no significant difference was found between two groups in baseline characteristics except for onset time of chest pain.

###### Baseline Characteristics of Patients

  --------------------------------------------------------------------------------------------------
  Variables                Inferior MI + RVMI (n = 27)   Isolated inferior MI (n = 34)   P
  ------------------------ ----------------------------- ------------------------------- -----------
  Age, years               59.48 ± 11.46                 61.06 ± 11.83                   0.60^‡^

  Sex, F/M                 9/18                          10/24                           0.74\*

  BMI, kg/m^2^             27.47 ± 4.28                  25.57 ± 4.28                    0.86^‡^

  DM, n, %                 6, 22.2                       3, 8.8                          0.17\*

  HT, n, %                 11, 40.7                      16, 47.1                        0.62\*

  Smoking, n, %            15, 55.6                      17, 50                          0.67\*

  Familial history, n, %   11, 40.7                      19, 55.9                        0.24\*

  SBP, mm Hg               134.12 ± 38.25                129.28 ± 20.10                  0.99^‡^

  DBP, mm Hg               76.25 ± 29.28\                80.75 ± 11.17\                  0.88^\#^
                           89.00                         80.00                           

  HR, /min                 74.37 ± 12.33                 71.72 ± 12.92                   0.36^‡^

  OTP, h                   4.26 ± 3.03\                  6.59 ± 5.11\                    0.04^\#†^
                           4.00                          4.50                            

  GFR (mL/min)             107.10 ± 38.95\               92.33 ± 37.21\                  0.50^\#^
                           101.24                        87.79                           

  Gensini score            32.87 ± 28.59\                30.77 ± 27.24\                  0.91^\#^
                           25.00                         25.00                           
  --------------------------------------------------------------------------------------------------

BMI: body mass index; DBP: diastolic blood pressure; DM: diabetes mellitus; GFR: glomerular filtration rate; HR: heart rate; HT: hypertension; OTP: onset time of chest pain; SBP: systolic blood pressure. ^‡^Independent groups *t*-test, ^\#^Mann-Whitney U test, \*Pearson's Chi-squared test, ^†^Significant at p \< 0.05. Data are shown in mean ± standard deviation, median or number (%).

Echocardiographic parameters {#s3a}
----------------------------

[Table 2](#T2){ref-type="table"} shows left ventricular echocardiographic parameters. There was no significant difference except E/E' ratio, which is an indicator of diastolic dysfunction. Right ventricular echocardiographic parameters are shown in [Table 3](#T3){ref-type="table"}. RVFAC and TAPSE were significantly lower in patients with inferior MI with right ventricular involvement. No significant difference was found in groups between BNP levels. The TnI levels were higher in patients who presented with isolated inferior MI (P = 0.01) ([Table 4](#T4){ref-type="table"}). When patients were divided into two groups according to BNP levels, left ventricular end-diastolic diameter (LVEDD) and left ventricular end-systolic diameter (LVESD) were higher, and LVEF was lower in patients with BNP level ≥ 400 pg/mL. The right atrial diameter was larger and TAPSE was lower in the group with BNP level ≥ 400 pg/mL ([Table 5](#T5){ref-type="table"}). Correlation analysis between BNP levels and echocardiographic parameters showed a relationship between the BNP levels and the RSm, TAPSE and left ventricular mass index (LVMI) ([Table 6](#T6){ref-type="table"}). The systolic blood pressure and left venticular end-diastolic diameter are independent predictors of BNP levels ([Table 7](#T7){ref-type="table"}).

###### Left Ventricular Echocardiographic Parameters

  ----------------------------------------------------------------------------------------------
  Variables             Inferior MI + RVMI (n = 27)   Isolated inferior MI (n = 34)   P
  --------------------- ----------------------------- ------------------------------- ----------
  LA, mm                38.92 ± 3.99                  40.31 ± 4.28                    0.46^‡^

  LVEDD, mm             50.50 ± 4.54\                 50.59 ± 3.56\                   0.81^\#^
                        50.50                         51.00                           

  LVESD, mm             35.12 ± 4.70                  34.78 ± 3.82                    0.43^‡^

  LVEF, %               57.62 ± 7.05                  57.50 ± 6.71                    0.38^‡^

  Mitral E wave, cm/s   0.80 ± 0.20                   0.73 ± 0.24                     0.47^‡^

  Mitral A wave, cm/s   0.75 ± 0.24                   0.77 ± 0.17                     0.66^‡^

  DT, ms                218.71 ± 60.64\               217.00 ± 62.63\                 0.65^\#^
                        205.50                        217.00                          

  E/A ratio             1.26 ± 0.79\                  1.02 ± 0.44\                    0.33^\#^
                        1.00                          0.86                            

  E/E' ratio            12.55 ± 6.2                   9.68 ± 3.14                     0.05^‡^

  Lateral Sm, cm/s      7.71 ± 1.83\                  7.28 ± 1.99\                    0.77^\#^
                        7.50                          7.50                            

  Lateral IVCT, ms      66.71 ± 16.60                 66.12 ± 17.44                   0.54^‡^

  Lateral IVRT, ms      77.79 ± 16.13                 74.06 ± 16.04                   0.54^‡^

  Lateral ET, ms        264.87 ± 19.52\               262.59 ± 40.03\                 0.99^\#^
                        265.50                        264.00                          
  ----------------------------------------------------------------------------------------------

DT: deceleration time; E/A ratio: ratio of early to late diastolic filling; E/E': ratio of early filling velocity to tissue Doppler early filling velocity; ET: ejection time; IVCT: isovolumetric contraction time; IVRT: isovolumetric relaxation time; LA: left atrium; LVEDD: left ventricular end-diastolic diameter; LVEF: left ventricular ejection fraction; LVESD: left ventricular end-systolic diameter; RVMI: right ventricular myocardial infarction. ^‡^Independent groups *t*-test. ^\#^Mann-Whitney U test. Data are shown in mean ± standard deviation, and median.

###### Right Ventricular Echocardiographic Parameters

  -------------------------------------------------------------------------------------
  Variables   Inferior MI + RVMI (n = 27)   Isolated inferior MI (n = 34)   P
  ----------- ----------------------------- ------------------------------- -----------
  RSm, cm/s   11.00 ± 1.50\                 13.94 ± 2.17\                   0.90^\#^
              13.00                         12.50                           

  RVMPI       0.58 ± 0.14\                  0.61 ± 0.16\                    0.62^\#^
              0.57                          0.57                            

  TAPSE, mm   17.04 ± 1.64\                 21.23 ± 2.35\                   0.00^\#!^
              19.00                         21.00                           

  RVFAC, %    46.37 ± 9.86                  55.50 ± 7.77                    0.00^‡!^
  -------------------------------------------------------------------------------------

RSm: right ventricular systolic wave; RVFAC: right ventricle fractional area change; RVMI: right ventricular myocardial infarction; RVMPI: right ventricular myocardial performance index; TAPSE: tricuspid annular plane systolic excursion. ^‡^Independent groups *t*-test. ^\#^Mann-Whitney U test. ^!^Significant at P \< 0.05. Data are shown in mean ± standard deviation, and median.

###### Brain Natriuretic Peptide Levels

  -------------------------------------------------------------------------------------
  Variables    Inferior MI + RVMI (n = 27)   Isolated inferior MI (n = 34)   P
  ------------ ----------------------------- ------------------------------- ----------
  BNP, pg/mL   372.92 ± 324.75\              430.13 ± 320.39\                0.52^\#^
               245.19                        281.66                          

  TnI, ng/mL   1.78 ± 6.13\                  7.11 ± 13.21\                   0.01^\#^
               0.12                          1.38                            
  -------------------------------------------------------------------------------------

Data are shown as median ± standard deviation, and median. BNP: brain natriuretic peptide; RVMI: right ventricular myocardial infarction; TnI: troponin I. ^\#^Mann-Whitney U test.

###### Echocardiographic Parameters With BNP Levels

  ------------------------------------------------------------------------------------
  Variables         BNP ≥ 400 pg/mL (n = 23)   BNP \< 400 pg/mL (n = 38)   P
  ----------------- -------------------------- --------------------------- -----------
  LA, mm            40.16 ± 4.60               39.67 ± 3.85                0.599\*\*

  LA vol index      24.65 ± 8.88\              25.72 ± 7.70\               0.594\*
                    21.24                      25.86                       

  LVEDD, mm         52.53 ± 2.53\              49.51 ± 4.21\               0.001\*
                    53                         49                          

  LVESD, mm         36.71 ± 4.15               33.92 ± 3.94                0.004\*\*

  LVEF, %           55.23 ± 7.28               58.92 ± 6.36                0.018\*\*

  LVMI, g/m^2^      118.34 ± 25.23             106.39 ± 23.71              0.120\*\*

  E/E' ratio        11.39 ± 5.63\              10.70 ± 4.68\               0.634\*
                    11.43                      9.12                        

  DT, ms            201.35 ± 52.94             222.89 ± 64.50              0.564\*\*

  E/A ratio         1.32 ± 0.83\               1.05 ± 0.50\                0.634\*
                    0.98                       0.91                        

  RA diameter, mm   43.59 ± 4.89               40.97 ± 6.98                0.059\*\*

  TAPSE, mm         18.41 ± 2.67               20.00 ± 2.96                0.042\*\*

  RVFAC, %          48.86 ± 8.35               52.16 ± 10.67               0.219\*\*
  ------------------------------------------------------------------------------------

Data are shown as median ± standard deviation, and median. BNP: brain natriuretic peptide; DT: deceleration time; E/A: ratio of early to late diastolic filling; E/E': ratio of early mitral inflow filling to tissue Doppler early filling velocity; LA: left atrium; LA vol index: left atrial volume index; LVEDD: left ventricular end-diastolic diameter; LVEF: left ventricular ejection fraction; LVESD: left ventricular end -systolic diameter; LVMI: left ventricular mass index; RA: right atrium; RVFAC: right ventricular fractional area change; TAPSE: tricuspid annular plane systolic excursion. \*Mann-Whitney U test. \*\*Independent groups *t*-test.

###### Correlation Between Brain Natriuretic Peptide Levels and Echocardiographic Parameters

  Variables   Correlation level   P
  ----------- ------------------- ----------
  RSm         -0.347^x^           0.045^!^
  TAPSE       -0.402^x^           0.018^!^
  LVMI        0.353^x^            0.048^!^

LVMI: left ventricular mass index; RSm: tricuspid lateral annulus S wave; TAPSE: tricuspid annular plane systolic excursion. ^x^Pearson's correlation analysis. ^!^Significant at \< 0.05.

###### Stepwise Logistic Regression Analysis for Brain Natiuretic Peptide Levels

  Variables   B        Odds ratio   95% confidence interval   P       
  ----------- -------- ------------ ------------------------- ------- -------
  SBP         -0.029   0.972        0.947                     0.996   0.025
  LVEDD       0.281    1.324        1.090                     1.607   0.005

SBP: systolic blood pressure; LVEDD: left ventricular end-diastolic diameter.

Discussion {#s4}
==========

In this study, we found that RVFAC and TAPSE were lower in patients with inferior MI with right ventricular involvement. In the BNP level ≥ 400 pg/mL group, LVEDD and LVESD were higher, LVEF and TAPSE were lower and RA diameter was larger than BNP level \< 400 pg/mL group. The systolic blood pressure and left venticular end-diastolic diameter are independent predictors of BNP levels. The incidence of acute inferior MI accompanied with right ventricular involvement is ranging from 10% to 50% \[[@R9], [@R10]\]. The incidence of death, shock and arrhythmia is higher in patients with right ventricular involvement \[[@R02], [@R03]\]. In V4R ST elevation has a sensitivity of 88%, specificity of 78% in the diagnosis of RVMI \[[@R11]\]. Because this is a temporary finding, some patients with acute inferior MI might actually have a nondiagnosed RVMI. BNP is secreted from the ventricles in response to volume expansion or increased pressure load. The BNP level increases in 2 - 4 h after the onset of ischemic symptoms, with a tendency to stabilize over the first 24 h \[[@R06]\]. In the present study, no significant difference was found in BNP level between inferior MI with right ventricular involvement and isolated inferior MI groups. The most important factor that caused this finding was the time difference between onset of symptoms and hospital admission. Serum BNP levels may be varied substantially during this time period. Although BNP levels were higher in patients with inferior MI and right ventricular involvement in a study by Kaya et al, in our study there was no difference in BNP levels since patients with right ventricular involvement were more symptomatic, and they presented earlier \[[@R12]\]. Studies in patients with unstable angina pectoris and MI have demonstrated the prognostic value of BNP along with troponin level \[[@R13]-[@R15]\]. In the present study, TnI levels were significantly higher in the group with isolated inferior MI during admission compared to the group with right ventricular involvement. We considered that lower TnI levels in patients with RVMI were associated with the fact that the patients were more symptomatic, and they presented earlier without giving any chance to an increase in TnI level. A study compared BNP levels of patients with NYHA class 2 and 3 heart failure and LVEF of \< 45%, and they found a negative correlation between BNP levels and LVEF \[[@R16]\]. Another study showed that BNP levels were higher in patients with right ventricular EF \< 40% compared to patients with EF \> 40% \[[@R17]\]. We found no correlation between BNP levels and LVEF. However, the higher BNP group had higher LVEDD and LVMI. In addition to that, TAPSE and RSm values were lower. We also found right ventricular systolic dysfunction in inferior MI with right ventricular involvement (TAPSE, RSm, and RVFAC).

Skrzypek et al showed that there was a significant correlation between systolic and diastolic dysfunction with the levels of N terminal probrain natriuretic peptide (NT-proBNP) \[[@R18]\]. Besides another study comparing BNP levels with left ventricular diastolic function parameters, Ono et al showed that mitral inflows (E and A waves) were correlated with BNP levels \[[@R19]\]. And also, they found no significant relationship between BNP levels and isovolumetric relaxation time (IVRT), the earliest abnormality parameter of diastolic function. Similarly, we found no relationship between BNP levels and diastolic dysfunction. In a study by Nagaya et al which compared right ventricular dysfunctions and BNP levels in patients with pulmonary hypertension, there was a relationship between right ventricular functions and BNP levels, while no relationship was found between right ventricular diastolic diameter and BNP levels \[[@R20]\]. It may be attributed to the higher pulmonary arterial pressure in these patients. In the present study, there was no significant difference in right ventricular global functions between groups with higher and lower BNP levels. Unlike the study by Nagaya et al, our patients had no pathology of pulmonary hypertension, which contributed to the right ventricular dysfunction. We observed no difference in right ventricular diastolic diameter between groups with higher and lower BNP level. The systolic and diastolic blood pressures were lower in our group with BNP level ≥ 400 pg/mL. We thought that this reduction might be associated with right ventricular MI. Mayer et al evaluated the relationship of BNP levels with LVEF, left atrial diameter, LVEDD, posterior wall and septum thickness in heart failure patients with functional mitral regurgitation. Consequently, they found a positive correlation between LVEDD and BNP levels \[[@R21]\]. In the group with BNP level ≥ 400 pg/mL, we determined 33.3% right ventricular involvement and in the group with BNP level \< 400 pg/mL we found right ventricular involvement 66.6%. In the present study, LVEDD and lvesd were larger, and LVEF and TAPSE were lower in patients with inferior MI with and without right ventricular involvement and BNP level ≥ 400 pg/mL like as shown in the study which has been presented by Radwan et al \[[@R22]\].

In our study, we concluded that initial BNP levels ≥ 400 pg/mL in patients presenting with acute inferior MI might predict right ventricular dysfunction. In addition, higher rates of hypotension, right ventricular dysfunction and increase in left ventricule diameters were observed in patients with BNP levels ≥ 400 pg/mL.

Study limitations {#s4a}
-----------------

Evaluation of right ventricular function only by echocardiography is the first limiting factor of this study. Right ventricular functions can also be evaluated by magnetic resonance and nuclear imaging modalities. However, their high cost, risks posed to the patients as well as unavailability of them as a bedside modality, restricts their routine use. The second limiting factor is the diagnosis of RVMI only with RV4 lead ST elevation which is temporary. Thrombolytic treatment rather than primary percutaneous coronary intervention was preferred treatment modality in our clinic during this study. This is another limitation of this study.
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